Abstract Photon trapping structure in HgCdTe mid-wavelength infrared detectors is investigated in this study by exploiting the finite-difference time-domain (FDTD) technique. The quantum efficiency and the current-voltage characteristics have been numerically simulated, using commercial Technology Computer Aided Design （ TCAD ） software Apsys. Simulation results indicate that in contrast to the regular mesa structure, the photon trapping structure can reduce dark current and noise without degrading quantum efficiency.
INTRODUCTION
Due to tunable absorption wavelengths, high quantum efficiency, and a wide operating temperature range, HgCdTebased photodetectors are the promising devices of choice for many infrared thermal imaging systems [1, 2] . As the thirdgeneration detector development proceeds, device performance is being enhanced in a number of directions, such as array size, cooling temperature, readout capability and so on [3] . The photon trapping approach of reducing dark current without degrading quantum efficiency has been demonstrated in [4] .
In this paper, the finite-difference time-domain (FDTD) method is utilized to calculate the optical energy distribution inside the device. Design of the photon trapping structure in HgCdTe mid-wavelength infrared detectors is mainly focused on the optimization of the aspect ratio and absorption layer thickness.
II. MODEL AND METHOD
The detector pixel comprises an n+-on-p Hg 1-x Cd x Te midwavelength photodiode (x=0.29). Figure 1 and 2 show the relative energy density of the regular mesa structure and the photon trapping structure, respectively. The pitch of the regular mesa structure is 35μm and the pitch of the photon trapping structure is 5μm. The CdTe buffer layer between the active region and the substrate is 3-μm-thick. The donor density in the 2-μm-thick n-type region is 5×10 
III. SIMULATION RESULTS
A series of simulations are carried out with p-type absorption layer thickness fixed at 5μm while aspect ratio changing from 0.25 to 5. The quantum efficiency and the current-voltage characteristics are depicted in Fig. 3 . The volume fill factor is calculated as the volume of material remaining divided by the volume of the unit cell. With the same quantum efficiency, the volume fill factor of the photon trapping structure is much smaller than the regular mesa structure and i.e. the photon trapping structure can reduce the device noise without degrading the quantum efficiency. Correspondingly, the photon trapping approach of reducing the dark current without degrading the quantum efficiency is also demonstrated.
The quantum efficiency and the dark current of the photon trapping structure increase linearly with larger aspect ratio even that at certain ratio the quantum efficiency of the photon trapping structure exceeds the plane structure. Though the quantum efficiency of the photon trapping structure is in proportion to its aspect ratio, larger volume fill factor can introduce higher noise. With aspect ratio changing from 2 to 5, the increase of the quantum efficiency is 4%, much less than that of the volume fill factor, 29.1%. Hence, the photon trapping structure of fixed thickness can introduce lower noise and dark current when adopting lower aspect ratio. Figure 4 presents the quantum efficiency and the currentvoltage results of devices with aspect ratio fixed at 5 while thickness changing from 3μm to 7μm. The quantum efficiency of the photon trapping structure at 3μm exceeds the quantum efficiency of the plane structure at any thickness. The dark current of the photon trapping structure has a negligible variation with thickness. Therefore, the photon trapping structure of fixed aspect ratio can introduce lower noise by adopting lower thickness and i.e. smaller volume.
Simulation results are calculated on assumption that the surface condition is perfect, and only considering the bulk effect. At present the ideal state is difficult to reach, but the photon trapping structure will be useful with process improvements. The photon trapping structure in HgCdTe mid-wavelength infrared detector is designed. The quantum efficiency and current-voltage characteristics have been numerically simulated by exploiting the FDTD method with commercial TCAD software Apsys. Model results demonstrate that the photon trapping structure can reduce the noise and dark current while maintaining the quantum efficiency. Noise and dark current can be decreased further by the proper combination of lower aspect ratio and thickness.
